Introduction
Titanium dioxide (TiO 2 ) is a semiconductor photo-catalyst with high photo-catalytic activity for degradation of organic pollutants in air and water, high chemical stability and low toxicity [1] . TiO 2 is an n-type semiconductor which has great advantages, mainly in optical applications due to the high index reflective and transparent. TiO 2 or more commonly known as Titania become one of the studied semiconductor materials due to the promising results in the photo-catalytic oxidation. TiO 2 thin films are widely researched because of its attractive chemical, electrical and the optical properties. An interest in TiO 2 was mainly due to non-toxicity and good stability in various environments [2] . There are many factors that influence the structure, optical properties and power conversion efficiency of dye-sensitive TiO 2 thin film solar cells such as crystallinity, particle size, surface area, and the method of preparation. TiO 2 films have been prepared by various methods, including e-beam evaporation [3] , reactive sputtering, chemical vapor deposition, pulse laser deposition, spray pyrolysis [4] and sol gel process [5] . Each of these methods is useful for obtaining nanoparticles with definite morphology and size distribution. However, among the methods mentioned above, the sol-gel technique is widely employed for preparing titanium dioxide because of its low processing cost, simplicity and ability to produce thin and uniform films on over large area substrates. Sol-gel is a process in which a liquid change such as a "solution" to the form of "solid" gel with presence a precursor. The bulk material of TiO 2 is widely nominated for three crystalline forms of rutile (3.02 eV), anatase (3.23 eV) and brookite (3.13 eV) [6] . Between them, the TiO 2 exists mostly as rutile and anatase phases where both of them have their tetragonal structure. The anatase phase which has better response with ultraviolet photons is used for photocatalysis [7] due to its high photoreactivity. Brookite phase is difficult to produce therefore has no importance in the pigment industry [8] . Rutile phase is the most thermodynamically stable and high refractive index which makes it suitable for protective coating on lenses [9] . By annealing the TiO 2 phase at high temperature, the anatase and brookite with the metastable phase will transform to the rutile phase which is the stable phase in the high temperature region. In the present research, synthesis of TiO 2 thin films using the titanium isopropoxide as the precursor via spin coating route is intensively studied. The research on the influence of annealing temperature on the electrical properties of TiO 2 thin films was investigated. To measure and evaluate the electrical properties of TiO 2 thin films, Current-Voltage (IV) measurements were performed using TMXpert Leios simulator. The silver (Ag) paint is used as the metal contacts deposited on the substrates. It was found that the resistivity of the films decreases as the annealing temperatures increase.
Experiments
The thin films were deposited on P-type <100> silicon substrate which has dimensions of 1.5 cm x 1.5 cm via sol-gel precipitation method. It needs to be reminded that the cleaning of the substrate is essential for proper adhesion of the films. The silicon wafer was chemically cleaned by RCA standard cleaning procedure to remove all foreign matter from the surface of the silicon wafers (dirt, scum, silicon dust, etc.) prior to be performed high-temperature processing steps (oxidation). Insulating layer that is used in wafer intended to reduce parasitic device capacitance and thereby enhance the performance of the final device [10] . Titanium isopropoxide (Ti{OCH(CH 3 ) 2 } 4 , 97%) has been used as the Titania precursor, standard ethyl alcohol solution (M= 46.07 g mol −1 , purity ~ 99.8%) was used as a solvent or dispersing precursor and acetic acid (CH 3 COOH) with a purity of 99.5% was used as a stabilizer. The following chemicals were obtained from Sigma Aldrich and used as received. All the reagents used were of analytical grade and no further purification was done before.
The sol-gel technique has been used to synthesize TiO 2 nanoparticles at the room temperature. Difference compositions of TiO 2 sol were prepared by altering the molar ratio of TIP: EtOH: AA. In a typical experiment, the matrix sol was prepared by mixing TIP with ethyl alcohol and acetic acid in the molar ratio of 1.0:1.3:10 with continuous vigorously stirring under a fume hood due to the large amount of AA gases exhausted during the mixing process. Then, the obtained solutions were kept under slow-speed constant stirred at 75°C until it became a transparent clear solution before allowed to cool down at room temperature (~24°C) for another 1 hour.
The spin-coating technique was used to deposit the sol onto the surface of the substrate. Drops of the mixture were deposited on the surface of the silicon wafer using 2 steps procedure (500 rpm/min for 10s and 3500 rpm/min for 50s). The solution was spin coated onto the silicon wafer for 3 layers for each sample to provide suitable effective film thickness. To enhance the organic polymerization and stabilize the mesophases involves, heating of the film in the air after each deposition should be carried out. Every each layer of the films obtained are first dried at 150°C for 15 minutes to produce chemical bond between the layer and the substrate. Then, the films have been annealed at 500°C 1 hour to treat the adsorbed film and allowed to slow cooling at room temperature (RT). The CurrentVoltage (IV) analysis were measured by using 2 point probe with 2400 source meter (KEITHLEY) to investigate the electrical properties of nanostructured TiO 2 thin films.
Results and Discussion

Electrical Properties
Current-voltage (I-V) measurements were implemented to investigate the electrical properties of TiO 2 thin films. To measure the I-V characteristics, silver (Ag) is used as the metal contact was deposited on the surface of a thin films using thermal evaporator (PVD) vacuum coater. By setting to a current of 50mA for 10 minutes with 5.3nm/s deposition rate and vacuum background pressure rate was 50µTorr, thickness of the deposited Ag can be obtained at around 80nm. I-V measurement data were analyzed using the Leios TMXpert simulator with two points 2400 source meter 154 Nanoscience, Nanotechnology, and Nanoengineering: Fundamentals and Applications 1.0x10 -9 Current (I)
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(KEITHLEY) with a supply voltage ranging from -2 to 2V. The resistivity can be obtained by the formula as expressed:
Where ρ is the electrical resistivity of the film, V is the drop potential measured among the internal electrode, I is the current and d is a thickness of the film. Fig. 1 shows that the Current-Voltage (IV) characteristics on the surface of TiO 2 thin films annealed at different conditions. It can be seen that the current increases with the applied voltage. The measured current (I) is the current that flowing through the TiO 2 particles while voltage (V) is the voltage that charge the capacitor. Fig. 2 (a) shows the changes in resistivity, ρ, of TiO 2 thin films as a function of annealing temperature. The results of the analysis revealed that as the annealing temperature rise, the resistivity of samples tends to decrease and reached the lowest value when the samples annealed at 700°C. The main cause is due to the grain size. When the size of grain becomes larger, it will cause the flow of electrons from one particle to other particles will increase and indirectly lead to a reduction in the grain boundary. Larger grain size also able to increase the surface contact between the thin films as well as improving the physical morphology result from the annealing treatment. From the I-V curves obtained, the graph display features of Schottky contacts. The results in Fig.  2 (b) shows that the most conductive of samples was annealed at 700°C followed by 500°C, 300°C, 100°C and the less conductive as-deposited film. The electrical conductivity, σ, of the films can be obtained by the formula as expressed in Eq. 2: According to band theory of solids, no conductivity at absolute zero for semiconductors. This occurs when there is an external energy applied to the electron in the valence band, allowing the electrons to gain enough energy to excite into the conduction band. From the observation, we can see that the higher the annealing temperature applied, it will lead to higher conductivity due to the smaller energy gaps. As-deposited film is the lowest conductivity compared to other samples. It is because there is no additional energy applied to the electrons in the valence band to excite into the conduction band. Table 1 shows the results of TiO 2 thin films annealed at the different temperature for resistivity and conductivity. 
Conclusion
In this present study, TiO 2 coatings have been deposited by sol-gel dip coating method and samples were annealed at a temperature ranging from 100-700°C to the realize crystallization. The influence of post annealing on the electrical properties of TiO 2 films were investigated. Nano-crystalline TiO 2 solution was successfully synthesized using titanium isopropoxide acts as a precursor with an ethanol solution. In order to investigate the electrical properties of the nanostructure properties of TiO 2 thin films, current-voltage (I-V) measurements were carried out. The results show that the electrical properties of TiO 2 thin film were changed with the changes of heat treatment. From the observation, as the annealing temperature increase, the resistivity of the sample tends to decline and indirectly leading to higher conductivity in thin films of TiO 2 . 
